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Introduction
Autism spectrum disorder (ASD)
Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that originates from both genetic and environmental factors. Diagnostic features include abnormalities in language and communication; abnormalities in reciprocal social interaction and presented with restricted, repetitive and stereotyped patterns of behaviors, interests and activities.
ASD is usually evident within the first 3 years of age and it affects the individual functioning in many social situations. According to Kogen (2007) , the incidence rate is 1 among 91 and 58 children in the whole US population and among males respectively. In
Hong Kong, according to , the estimated incidence of autism spectrum disorder was 5.49 per 10 000 and according to the "Special Topics Report No. [Lord et al., 1994] , Childhood Autism
Rating Scale (CARS) [Schopler et al., 1986] . Autism Diagnostic Observational Schedule (ADOS) [Lord et al., 1998 ]. Local Tools for screening of Autism include The Checklist for Autism in Toddlers (CHAT) (Wong, 2002) . The modified Checklist for Autism in Toddlers (CHAT-23) (Wong, 2004 ) also indicated its high sensitivity in identifying autistic children in Hong Kong population. Children might be assessed with the above tests for identification of the syndrome. All of the above tests are grounded on a firm behaviour diagnosis.
Despite impairment in social interaction, communication and stereotyped behaviours, minor physical anomalies and dysmorphic features are widely reported in the Caucasian's autistic population (Ozgen, 2010) . Abnormal head circumference, abnormal cephalic index, abnormal palate, abnormal rotation of ears, abnormal interpupillary distances were found in previous studies (Miles 2008 , Rodier, 1997 , Tripi, 2008 , Fombonne, 1999 . Meta-analysis of previously studies revealed significant physical abnormalities shown in autistic population. (Ozgen, 2010 study. Higher rate of dolichocephaly and high-steeped palate were also found consistently in dysphorpic group of ASD children according to the same study. Posterior rotation of the external ears, small feet and normal-to-large hands and reduction of interpupillary distances were found in Rodier (1997) study. Heterogeneity is found in consistent proportions of ASD individuals due to genetic basis of the disorder (Miles, 2005) .
In a study from Miles, 2005 , autistic children were classified into two subgroups;
'complex autism' and 'essential autism'. It was found that a proportion of children with autism suffered with abnormalities of morphogenesis which indicated insult to early embryologic development (Miles, 2005) . These children were defined as 'complex autism', while children with no dysmorphic features were classified 'essential autism'.
According to their classification subtypes, 20% of their studied population was classified into the complex autism subtype; The remainder 80% of subjects was classified into essential autism; Subjects in the essential group noted a higher heritable recurrence, higher chance of having siblings with autism as well as relatives recurrences (Miles and Hillman, 2000) .Individuals in the complex subgroup had lower IQs, experienced more seizures and more abnormal EEGs. Scott (2007) also reported high prevalence of seizures in mental retarded ASD subjects (42%) and that epileptiform abnormalities on EEG are common, ranging from 10%-72%. It was also found that the percentage of abnormal brain structures shown in MRI scan is relatively higher in phenotypically abnormal autistic individuals (29%) than the normal propositi (14%) (Miles, 2000) . Study of Hrdlicka et al. (2005) subtypes their autistic subjects into four clusters based on structural MRI data. Subjects in cluster 1 involved largest sizes of genu and splenium of the corpus callosum while cluster 2 involves the largest sizes of the amygdala and hippocampus.
Subjects in these two clusters do not showed dysmorphic features. Whereas subjects Currently there is no cure for ASD, so the primary focus for paediatrians and psychologists is the focus on the course of treatment including a range of therapies (physiotherapy, counselling, speech, communication and social etc) with the main goal in mind to improve how ASD patients function in their daily lives. According to Tang (2008) , the rate of mental retardation and developmental delay is 33% and 19% respectively in ASD children diagnosed in Hong Kong, which shows that the impact of ASD amongst individuals varies signficantly.
However, being a disorder that is not fully understood in its development, the response and effectiveness of both medical and behavioral treatments also varies widely amongst ASD individuals. And with the variability presented, it is suggested that autism is comprised of different subgroups genetically and phenotypically. Hence, being able to subcategorize ASD patients into different classifications based on their etiology would in turn allow clinicans to have a more accurate diagnosis, to determine the prognosis of individual ASD patient and better design courses of treatment plans to better suit ASD patients which would ultimately benefit the quality of care for patients with ASD. In order to find out the heterogeneity within the autism spectrum, biologically-based phenotypes has to be looked for in order to develop effective treatments (Miles, 2008) .
Although the height, weight and BMI of the autistic children in China has been studied before and showed a high incidence of height level decrease and at risk for being overweight (Xiong, 2009) , physical abnormalities and dysmorphorpic features among autistic children in the Chinese population has not been evaluated. Our aim of the study is to find out the consistency of the result reported in the study of Miles (2005 Miles ( , 2008 Kabuki syndrome, Angelman syndrome and Soto syndrome were excluded. We excluded all subjects with identifiable syndromes to prevent confounding factors other than effects of autism. This is a retrospective study, the data has been pooled from the medical records and examination for dysmorphic features is part of the examination for all children with ASD assessed in our Duchess of Kent Children's Hospital for medical consultation. thus written consents are not available.
Clinical Evaluation and morphological classification
The current study is a retrospective analysis of case records of the Duchess of Kent Children's Hospital. Children with neurodevelopmental disabilities assessed in the Duchess of Kent Child Assessment Centre (DKCAC) which is located in the hospital.
DKCAC is collaborated with the University of Hong Kong on research, training and clinical services especially for autism. . A multidisciplinary team approach was implemented in the CAC centre which includes paediatricians, clinical psychologist, physiotherapist, occupational therapist, speech therapist, optometrists and audiologist.
Assessments will be performed by different team members for a definitive diagnosis.
Clinical evaluation comprised of a standard data set for collecting information including prenatal, perinatal, developmental, neurologic, health and family history. A two to four generation pedigree was collected. Information including, family socioeconomic status, disease specific questions and family history of autism were obtained. Number of siblings of the subjects, history of medical, psychological, behavioral and history of language delay in the family were also recorded. A family history of autism was considered significant when there's an affected first degree relative; or there is a second degree relative affected and two additional affected individual in the family branch.
Statistical analysis
Table (1) showed the age for last follow up comparing the dysmorphic and non dysmorphic groups. Table ( 2) showed the crosstabulation of social economical class of the parents with the two groups of subjects. A relatively large proportion of the subjects came from families of higher social economical status. For categorical random variables, univariate analysis in comparing the dysmorphic and non dysmorphic groups were made using chi-square tests. Mean age and gender ratio comparison was made using student t-test. As some of the parents of the patients did not reveal their economical status, total number of parents indicated in Table ( 2) did not add up to 1261. Phenotypic features were considered to be useful in separating autism into more homogeneous subgroups other than behavioral diagnosis according to Miles (2005) .
Malformations are originated from first trimester of pregnancy and so dysmorphology was identified one of the most informative measures as they are features from birth.
Presence of dysmorphic features provide clues which specific subgroups of the autistic individuals have underwent insults to their early embryological development. Rotrimester origin for the disorder. In this study, Chinese population with ASD was investigated in comparison to the Caucasian's studies. Among 1261 autistic subjects being categorized based on the presence or absence of minor anomalies, malformations or dysmorphic features, (10.79%) (136) patients were judged phenotypically dysmorphic. percentage of clindodactyly agrees with the study of G. Tripi et al (2008) . However, we did not find deep-set nails, tapering fingers, low anterior hairline and thin upper lip as commonly observed in our dysmorphic autism group as in the Caucasian population.
Gender and EEG results showed no significant difference between the two groups, while univariate analysis showed that epilepsy, IQ scores, MRI/CT result and family history of language delay were significant risk factors for dysmorphic (p< 0.05).
( and 25.7% were diagnosed as mild and moderate MR respectively in the non dysmorphic group. In the severe MR group, too limited subjects were being identified in both groups, which might explain the insignificant statistical value in the study.
However, in this study, we do not find significant difference in sex ratio and family history of autism in the two groups as suggested more prevalence in the essential group in Miles studies; and abnormal EEG results were not particularly significant in the dysmorphic group. 
Chapter 4 Discussion
Investigation on specific dysmorphology features was useful in identifying many genetic disorders or syndromes. Currently, there is an increased interest in relating physical phenotypic features in autism in recent researches trying to separate autism subjects into genetic subsets for investigations. Currently there are studies in the Caucasian population which shows there are phenotypic subgroups of autism by observing their minor physical anomalies and by identifying any dysmorphic features.
Group difference were found between dysmorphic and non dysmorphic subjects showing that with insult to morphogeneis is generally etiologically different from those normally developed. While genetics have an important role in development of autism, however
clinically it is still difficult to identify autism causing genes, genetically predictive phenotypic markers become an interest of investigation. Dysmorphology studies picks up clues in identifying disturbance in embryological development or mutations of genes which originates during pregnancy. Early disturbance in embryonic development could not be altered by subsequence illness and some specific anormalies shown seemed to have a high prevalence with the disorder.
In the current study, the highest rate of dysmorphic features goes to the head area, with high rate of marcrocephaly and frontal bossing. It agrees with most of the Caucasian studies (Miles, 2005 , G Tripi et al, 2008 , Fombonne 1999 , Rodier, 1997 . It is suggested that macrocephaly in children with autism is related to increase in total brain volume. Nelson (2004) concluded from a number of studies that around 20-30% of the autistics subjects had head sizes more then 2 standard deviations with the normal comparison group, and MRI assessment shown general increased cerebral volume. Deutsch (2003) found in his study that increased head circumference correlates with non verbal IQ scores, suggesting reflection of disturbance in neurocognitive development and organization of the brain in some autistic subjects, proposing a possible etiologically significant subtype of autism.
Another high rated feature is prominent ears, which size, structure or orientation of ear in autism was also highly reported in other studies as stated in Rodier (1997) . Their study found posterior rotation of ear as an important indicator in distinguishing autistic subjects with controls while in our current study, big prominent ears was shown to be one of the most highly identified features. It is suggested that otic disc develop in the fourth week of intrauterine life during pregnancy. With a high occurrence rate, genetically caused autism might suggest accompaniment of ear abnormalities during development. However information on ear development, including the development sequence of the inner and outer ear structures and their interaction during prenatal period is not clear, more investigation shall be done.
Other more frequently identified features include hypertelorium, flat nasal bridge and clinodactyly. Hypertelorium yields a relatively high occurrence in the Chinese population. It is opposed to Rodier study which they found that short interpupilary distance significant in autism group. More, dysmorphic features related to eye structures and position were less reported in the Caucasian population, though deep set eyes were reported as one of the autism related features in Miles study in 2005. G. Tripi et al (2008) found no significant physical anomalies for the eyes region. But findings on flat nasal bridge and clinodactyly agree with their report which relates these features with midline brain anomalies, chromosome abnormalities and autism.
Our study generally agrees with the result of the Caucasian population which subjects with dysmorphic features presents with a higher incidence of abnormal brain structure, lower IQ level and higher epilepsy rate. This supports Mile's classification of autism by dysmorphic features into the subcategories of essential and complex autism. Miles suggested that subjects with complex autism is less heritable and more apt to be due to sporadic mutation, including point mutation, deletion, insertions, duplication and other chromosomal rearrangements, which they were shown to be more dysmorphic in physical appearances. Though we did not found a significant difference in sex ratio and heritability in both groups, result in current study did show significant correlation of dysmorphology with abnormal brain structure, IQ and seizure rate. This also support findings in Caucasian studies where there should be a heterogeneous subgroup of autism which originate from mutation of certain embryologically important genes, leading to anomalies in the development of the brain and face. However, due to limitation of resources, number of MRI and IQ test done were limited, future studies might consider comparing with a larger sample size.
It was suggested that phenotypically different autistic subjects have different prognosis and predictive outcomes. In Mile's study, individuals with complex autism, which presented with dysmorphic features do less well in all of their outcome measures, including their IQ scores and verbal ability after 8 years of age. It is shown in our current study that subjects with dysmorphic features, corresponds to Mile's complex autism group, presented with poorer IQ scores. While in our study, language ability have not been measured therefore verbal ability could not be compared. However, interestingly, factor of language delay in family history showed significant result in distinguishing the dysmorphic and non dysmorphic groups (p= 0.023). Language ability is another genetically inherited factor and that it is highly correlated with cognitive levels. Genome studies were done in relating specific genes with different language problems.
Localization of genes related with language impairments were performed in numerous studies. Reviews done by Grigorenko ( which allow better diagnostic classification, making prognosis, assessing recurrence risks and to refer for laboratory analysis of underlying genetic deposit problems (Miles, 2008) .
With the examination of approximately 300 children with autism, they identified physical features most consistently distinguished with general dysmorphology from normal physical examinations. (Miles, 2008) . The ADM results with a direct standardized dysmorphological assessment, following the sequence of the algorithm to identify the individual into dysmorphic or non-dysmorphic groups with a straight forward and fast procedure. As compared to normal dysmorphological examinations, this reduces the complex process of the full dysmorphology examination to a relatively simple algorithm.
However, the quantitative data (including facial, hand, feet, philtrum and ear length) used in the ADM was based on Caucasian's data. Wu el at (2000) has done a research on measurement of inner and outer canthal distance, interpupillary distance and palpebral fissure length in Chinese children in Taiwan and finds that inner and outer canthal distance, interpupillary distance is wider in Chinese Taiwan children then in the Caucasian population with no significant difference in the measure of palpebral fissure length. This suggested that there are ethnical differences in normal body measurements quantitatively. In order to identify the prevalence of children with dysmorphism in Chinese autism population, there is a need to set up a set of norm data collected from normal children population in order to compare the utility of the western autism dysmorpholgy measure manual in Chinese population in near future to compare the consistency of the result found in Caucasians. It would also help in establishing norm data of physical features for comparison of dysmorphic and non-dysmorphic subjects and to provide insight in identifying the heterogenity of autism in Chinese paediatrics and adolescent population and their prognosis in rehabilitation. With a formal assessment tool for dysmorphology examination, this would expect to yield a higher validity and reliability value of the data obtained. As the most frequent features classified as dysmorphic might have slight ethnical difference, as shown in this study, the ADM manual might need to be revised or modified in application on Asian population. The research suggestions mentioned above is currently paralleling in progress by project in our team. This research is collaborated by the author of this paper with Miss Polly Wong,
MPhil candidate in paediatrics. This project seeks to collect norm data from recruiting 2500 normal and 500 autistic subjects ranging from preschool years to adolescent for physical measurement and in application of the ADM dysmorphology assessment on autistic subjects.
Summary
To conclude, data gained from the Chinese ASD population generally resembled result shown in the Caucasian studies. However, ethnical differences were still present and it is important to set up a norm database of different body measurements of the Chinese population in order to compare data of the ASD subjects to the normal standard for finding out their standard deviation for more precise investigations. On the other hand, training of clinicians for differentiating dysmorphic and non dysmorphic subjects might allow better diagnostic classification of their autistic subjects, to help determining their prognosis and for more effective referrals to different treatments, laboratory assessments and decisions of referrals for schooling.
